A study was conducted in 2 phases to evaluate the effectiveness of 1) the VIAscan Beef Carcass System (BCSys; hot carcass system) and the CVS BeefCam (chilled carcass system), used independently or in combination, to predict Uruguayan beef carcass fabrication yields; and 2) the CVS BeefCam to segregate Uruguayan beef carcasses into groups that differ in the Warner-Bratzler shear force (WBSF) values of their LM steaks. The results from the meat yield phase of the present study indicated that the prediction of saleable meat yield percentages from Uruguayan beef carcasses by use of the BCSys or CVS BeefCam is similar to, or slightly better than, the use of USDA yield grade calculated to the nearest 0.1 and was much more effective than prediction based on Uruguay National Institute of Meat (INAC) grades. A further improvement in fabrication yield prediction could be obtained by use of a dual-component video image analysis (VIA) system. Whichever method of VIA prediction of fabrication yield is used, a single predicted value of fabrication yield for every carcass removes an impediment to the implementation of a value-based pricing system. Additionally, a VIA method of predicting carcass yield has the advantage over the current INAC classification system in that estimates would be produced by an instrument rather than by packing plant personnel, which would appeal to cattle producers. Results from the tenderness phase of the study indicated that the CVS BeefCam output variable for marbling was not (P > 0.05) able to segregate steer and heifer carcasses into groups that differed in WBSF values. In addition, the results of segregating steer and heifer carcasses according to muscle color output variables indicate that muscle maturity and skeletal maturity were useful for segregating carcasses according to differences in WBSF values of their steaks (P > 0.05). Use of VIA to predict beef carcass fabrication yields could improve accuracy and reduce subjectivity in comparison with use of current INAC grades. Use of VIA to sort carcasses according to muscle color would allow for the marketing of more consistent beef products with respect to tenderness. This would help facilitate the initiation of a value-based marketing system for the Uruguayan beef industry.
INTRODUCTION
The Uruguayan beef industry currently uses a beef carcass classification system that is maintained by the Uruguay National Institute of Meat (INAC), but applied by packing plant personnel, to classify carcasses according to sex, estimated age (dentition), and subjective scores for muscle conformation and fatness. An audit of beef carcass characteristics in Uruguay indicated that over 50% of carcasses are of the same estimated age (8 permanent incisors), 80% receive the same muscle conformation score, and over 80% receive the same fatness score (Uruguay National Institute of Agricultural Research, 2003) . This suggests the need for the Uruguayan beef industry to develop a more discriminatory method of sorting carcasses into uniform marketing groups with the objective of grading to sort into groups with similar marketing value characteristics including cutability, palatability, and value.
Video image analysis (VIA) systems have been developed and tested in several countries to predict meat yield percentage using output data resulting from the processing of digital images of the entire side of a hot Video image analysis as a potential grading system for Uruguayan beef carcasses beef carcass, or the cross-section of the rib interface after a beef carcass has been chilled, by a combination of data from both digital images (Jones et al., 1995; Borggaard et al., 1996; Cannell et al., 2002) . Vote et al. (2003) reported that US beef carcasses could be more uniformly grouped within USDA grades according to differences in tenderness with the use of a commercialized chilled-carcass VIA system (Computer Vision System equipped with a BeefCam module; CVS BeefCam) at operational speeds. The present study was conducted in 2 phases to evaluate the effectiveness of 1) the VIAscan Beef Carcass System (BCSys; hot carcass system; VIAscan Quality Assessment, Beenleigh, Queensland, Australia) and the CVS BeefCam (chilled carcass system), used independently or in combination to predict Uruguayan beef carcass fabrication yields; and 2) the CVS BeefCam to segregate Uruguayan beef carcasses into groups that differ in the Warner-Bratzler shear force (WBSF) values of their LM steaks.
MATERIALS AND METHODS
Animal Care and Use Committee approval was not obtained for this study because only carcasses that were processed in a commercial Uruguayan packing facility were evaluated. No live animals were used in this study.
Meat Yield Phase
Carcass Selection and Video Image Collection. Beef carcasses were selected over a 5-wk period at a commercial Uruguayan packing plant (NIREA, San Jacinto, Uruguay) to fill a selection matrix that included sex class (steers and females), fat thickness (<0.6 cm and ≥0.6 cm), and carcass weight within sex class (<230 kg and ≥230 kg for steers; <200 kg and ≥200 kg for females). Over one-third of the carcasses selected originated from mature cows. Colorado State University personnel selected carcasses during the slaughter process after HCW were obtained but before carcasses passed through the BCSys. The BCSys collected an image of the outside surface of each carcass side as it passed through a cabinet. This image was then processed by proprietary software, in real-time, to produce output variables for carcass dimension (area, linear, and shape measurements), ratios of linear measurements, and color of the carcass surface (measuring the fatness of the surface of the carcass and the color of the fat). Carcasses then passed through a carcass wash before being moved into the chilling cooler where they were chilled overnight for 15 to 23 h, except for carcasses selected on Fridays (third and fourth weeks), in which case carcasses were chilled for 63 to 71 h, and on Saturdays (first and second weeks), in which case carcasses were chilled for 39 to 47 h.
After chilling, carcasses were transferred from the chilling cooler to a holding rail for further data collection (recording of carcass identification number, hot carcass side weights, dentition, INAC muscle conformation score, INAC fat score, and sex from the plant carcass tag). Carcass sides were randomly chosen for fabrication unless a side had excessive trimming or other slaughter defects that would dramatically affect the weight of an individual subprimal cut or major muscle, in which case the side with fewer dressing defects was designated for fabrication. Carcass sides designated for fabrication were ribbed at the 10th/11th rib interface, and any bone dust created during ribbing was removed from the exposed surface. Shortly after ribbing (approximately 1 min), images (n = 288) were collected from the 10th/11th rib interface using a CVS CVS BeefCam (RMS Research Management Systems, Fort Collins, CO), and plant bar-coded tags were scanned to match images to the appropriate carcass identification number. Dark-cutting carcasses (≥one-third grade discount) were identified by visual appraisal and USDA quality and yield grade factors were assigned to each carcass by Colorado State University personnel. At approximately 50 min postribbing, a second CVS BeefCam image (n = 288) of the 10th/11th rib interface was collected (because carcasses are ribbed at the 10th/11th rib interface in Uruguay). Images were processed, in real-time, using proprietary software designed to analyze the cross-section of the 12th/13th rib interface (the software was designed for use on US beef carcasses, which are ribbed at the 12th/13th rib interface). The inconsistent presence, size, and shape of the trapezius muscle at the 10th/11th rib interface made accurate measurements of fat thickness difficult using existing software and, therefore, images were saved so that they could be reprocessed later using optimum software configurations to yield output variables for LM color and LM area (LMA), fat color, marbling, and fat thickness. Also, 2 alternative output variables, the ratio of the number of pixels considered to be fat, to the total number of pixels in the 10th/11th rib interface (percent fat) and the total number of pixels considered to be muscle in the 10th/11th rib interface (total muscle) were developed from the images. Output variables from these reprocessed images were used in data analyses.
Carcass Fabrication and Saleable Meat Yield Calculations. Trained plant personnel first fabricated quarters into untrimmed boneless subprimals (rough cuts). These untrimmed boneless subprimals, along with the bone generated during fabrication, were weighed to calculate a gross weight (summation of all untrimmed subprimals and bone) for each carcass side. Subprimals, muscle groups, or individual muscles were trimmed sequentially to as many as to 3 fat trim specifications, with all parts being weighed and retained at each stage of trimming. Fat trim specifications included commodity trimmed (COMM; maximum fat thickness of 1 cm), closely trimmed (CLOSE; maximum fat thickness of 0.5 cm), and very closely trimmed (VCLOSE; trimmed free of fat; peeled or denuded) cuts. After cuts were trimmed to the VCLOSE fat thickness, some cuts were further separated and trimmed free of fat Video image analysis of Uruguayan beef [extra closely trimmed (XCLOSE)]. After a carcass side was completely trimmed free of fat, muscle trimmings generated during the fabrication process of an entire side were combined for subsequent percent fat analysis. Muscle trimmings were ground twice using a grinder with a 1.27-cm plate and subsampled in duplicate (250 g each). Each subsample was homogenized with a food processor and analyzed for fat percentage using an Anyl Ray (Frans Vermee GmbH, Remagen, Germany). The Anyl Ray was chosen as the method of determining fat percentages because it was the only technology available at the commercial packing plant. The results from the duplicate samples were averaged to obtain a single estimate of the fat percentage of the muscle trimmings.
Total product weight recovered from each carcass side was computed for each of 4 cutability endpoints. Total product recovery weights at each cutability endpoint were divided by the carcass-side gross weight to obtain a weight recovery percentage at each endpoint. Side gross weights were chosen to determine the percent weight recovery because they were not influenced by the variation in trolley weights that was observed in measuring chilled carcass side weights. Only results for carcass sides with a fabrication weight recovery percentage between 99.5 and 100.5%, at all of the 4 cutability endpoints, were used in data analyses.
Saleable meat yields were calculated as a percentage of the carcass-side gross weight for each of 4 cutability endpoints (COMM, CLOSE, VCLOSE, and XCLOSE). A listing of the subprimals, muscle groups, or individual muscles with the fat trim specification used in the calculation of each cutability endpoint is provided in Table  1 . For the COMM, CLOSE, and VCLOSE cutability endpoints, the saleable meat yields were comprised of only the weights of subprimals and whole muscles; the weight of muscle trimmings was not included. For the XCLOSE cutability endpoint, the weight of saleable meat included the weight of all trimmings generated from a carcass side, which was adjusted to zero percent fat (100% minus the fat percentage multiplied by the weight of all muscle trimmings). Fat trim percentage was calculated by dividing the weight of waste fat generated during the production of VCLOSE saleable meat by the carcass side gross weight. Bone percentage was calculated by dividing the weight of all bone and cartilage by the carcass side gross weight. Additionally, a muscle to bone ratio was calculated by dividing the XCLOSE saleable meat weight (including the weight of muscle trimmings adjusted to zero percent fat) by the weight of all bone and cartilage.
Statistical Analyses. Principal components, regression, and descriptive analyses were all performed using SAS (SAS Inst. Inc., Cary, NC). Descriptive statistics for selected carcass traits, USDA yield grade factors, and fabrication yield percentages were computed for carcasses included in the meat yield phase. In applying the INAC beef classification system, the first step is to classify a steer or female carcass as such (classification of intact males will not be discussed). Second, a carcass is classified to 1 of 4 dentition classes for steers (<2, 2 to 4, 6, and >6 permanent incisors) or to 1 of 3 dentition classes for females (<4, 6, and >6 permanent incisors). Third, a carcass receives a single subjective muscle conformation score with the number of possible scores depending on the dentition classification for steers and females. Lastly, a carcass receives a single subjective fat covering score with the number of possible scores depending on the dentition classification and the muscle conformation scores for both steers and females. In total, a steer carcass could receive 1 of 85 possible final INAC grades and a female carcass could receive 1 of 59 possible final INAC grades. In this phase of the present study, carcasses from 38 different INAC grades (steer and female carcasses combined) were represented. This type of classification system does not provide an estimate of fabrication yield, but operates on the premise that carcasses would be more uniform with respect to fabrication yield within a class than if no classification system was used. To compare the effectiveness of the current INAC beef classification system to other methods of predicting fabrication yields, the mean fabrication yield of each final INAC grade was used as the predicted fabrication yield for that final INAC grade.
Simple linear regression equations were developed to predict actual fabrication yields using INAC grades and USDA yield grades calculated to the nearest 0.1 (with KPH standardized at 0.5%). Multiple linear regression models were developed using stepwise (α for entry was set at 0.15 and α for exit was set at 0.16) model selection procedures to predict actual fabrication yields from HCW and only 1 of 2 subsets of CVS BeefCam output variables: (a) the output variables, percent fat and total muscle, or (b) measurements of LMA, marbling, and fat thickness.
Principal components analyses were conducted on subsets of dimensional and color measurements to reduce the number of independent BCSys output variables and to avoid problems with multicollinearity before performing regression analyses. Stepwise (α for entry was set at 0.15, and α for exit was set at 0.16) model selection procedures were used to identify which sets of principal components of BCSys output variables were not useful for predicting actual fabrication yields. These sets of principal components were removed from the available pool of BCSys output variables, and stepwise (α for entry was set at 0.15, and α for exit was set at 0.16) model selection procedures were used again to develop models for predicting fabrication yields, this time allowing HCW to be included as an independent variable. The principal component scores that entered regression equations along with the percentage of standardized variance accounted for by each principal component score are provided in Table 2 . Additionally, multiple linear regression equations were developed using stepwise (α for entry was set at 0.15, and α for exit was set at 0.16) model selection procedures from CVS BeefCam and BCSys output variables to predict actual fabrication yields by first narrowing the pool of available BCSys output variables and allowing only 1 of the 2 subsets of CVS BeefCam output variables to be included in the final model.
Tenderness Phase
Carcass Selection and WBSF Determination. Carcasses selected for inclusion in the meat yield phase also were included in the tenderness phase. Additional carcasses were randomly selected after passing the hot carcass scale to be included in the tenderness trial (in total, n = 345). Chilling, grading, and CVS BeefCam imaging procedures were conducted as was described in the meat yield phase. When the fabrication of a carcass side was completed, a 2.54-cm-thick steak of the LM was removed, vacuum-packaged, and aged at 2°C until 14 d postmortem, at which time they were frozen (−20°C) and stored for subsequent shear force analysis. Frozen steaks were thawed for 24 h at 4°C before being cooked in a water bath (80°C) until reaching an internal temperature of 70°C as determined by use of a thermocouple (type E, Barnant 115, model 600-2810, Barnant Co., Barrington, IL). Cooked steaks were then chilled for 3 to 4 h at 4°C before removing 6 cores (1.27 cm) parallel to the muscle fiber orientation. A single, peak shear force measurement was obtained for each core using a WBSF machine (G-R Manufacturing Co., Manhattan, KS). Individual-core Cutability endpoints: COMM = commodity trimmed cuts to a maximum fat thickness of 1 cm; CLOSE = closely trimmed cuts to a maximum fat thickness of 0.5 cm; VCLOSE = very closely trimmed cuts free of external fat (peeled or denuded); and XCLOSE = very closely trimmed cuts (peeled or denuded) that were further separated and trimmed.
peak shear force values were averaged to assign a mean peak WBSF value to each steak.
Statistical Analyses. Correlation, regression, and ANOVA analyses as well as descriptive statistics were all performed using SAS. Descriptive statistics for selected carcass traits, CVS BeefCam output variables, USDA quality grade factors, and WBSF values were computed for carcasses included in the tenderness phase. Correlation coefficients were calculated between CVS BeefCam measurements for muscle color and WBSF values for all carcasses sampled (n = 345) at both image collection times (shortly after ribbing and after approximately 50 min of bloom). Also, correlation coefficients were calculated between WBSF values and the muscle color measurements of only those carcasses not considered to be dark-cutters by visual appraisal (n = 285) at both image collection times.
Any of several methods (visual appraisal, measurement of ultimate pH value, or use of a CVS BeefCam muscle color threshold) could be used to identify dark-cutting carcasses and exclude them from being grouped with carcasses with normal muscle color, but dark-cutting carcasses assessed by visual appraisal were excluded from the following segregation analyses. Carcasses were segregated into 4 groups according to INAC grades for sex and dentition (young steers = steers with ≤4 permanent incisors; mature steers = steers with ≥6 permanent incisors; heifers = females with ≤6 permanent incisors; mature cows = females ≥6 permanent incisors). Independent of the INAC grade classifications, carcasses were segregated into 3 groups based on USDA quality grades (group 1 = carcasses that received Prime, Choice, or Select grades; group 2 = carcasses that received the Standard grade; group 3 = carcasses that received Commercial, Utility, or Cutter grades). Mean values for WBSF, LMA, muscle L*, muscle a*, muscle b*, fat L*, fat a*, fat b*, and USDA marbling score of groups were compared for each of the classification methods using ANOVA and separated using the Tukey-Kramer method of SAS.
To determine if CVS BeefCam output variables could aid INAC grades in sorting carcasses into groups that yield steaks differing in tenderness, the following approach was used. First, data from young steer, mature steer, heifer carcasses were combined because they yielded steaks with similar WBSF values, whereas the data from mature cow carcasses were kept separate to ensure that the effects of segregation by CVS BeefCam output variables were not due only to separating mature cow carcasses from steer and heifer carcasses. Second, carcasses were classified within the 2 data subsets into 3 groups based on each CVS BeefCam output variable (low = the bottom one-third of carcasses for each CVS BeefCam output variable; medium = the middle one-third of carcasses for each CVS BeefCam output variable; high = the top one-third of carcasses for each CVS BeefCam output variable). Group means were analyzed using ANOVA and separated using the Tukey-Kramer method.
RESULTS AND DISCUSSION

Meat Yield Phase
Numbers of carcass sides arrayed by sex, fat thickness, carcass weight, and INAC muscle conformation score included in the yield data analyses are displayed in Table 3 . An attempt was made to select equal numbers of heavy and light muscled carcasses according to INAC muscle conformation scores (N as heavy muscled, and A, C, and U as light muscled carcasses); however, Vote et al. due to the carcass population typically encountered at the commercial processing facility, the muscle conformation score A was represented in greater numbers than any of the other muscle conformation scores (Table 3) . Descriptive statistics for carcass traits and fabrication yields of carcasses included in the meat yield phase are presented in Table 4 . In Uruguayan beef packing plants it is customary practice to remove or trim large fat depots such as kidney and pelvic fat, cod or udder fat, and fat over the brisket before collecting a HCW. The practice of hot-fat trimming has been shown to reduce the amount of variation among carcasses in fat trim, as a percentage of carcass side weight (Savell et al., 1989; Williams et al., 1989; Ahmed et al., 1992) , because the amount of fat removed from fatter carcasses was larger than the amount of fat removed from leaner carcasses in relation to carcass weight. Even with the practice of removing large fat depots, fat trim as a percentage of carcass-side gross weight was the most variable trait among the different calculated fabrication yields (Table 4) . Mean values for muscle to bone ratio and bone weight as a percentage of carcassside gross weight indicated that sampled carcasses were thinly muscled (Table 4) . Bone percentages observed in this study were comparable with those of Apple et al. (1999) who reported values of 17 to 32% for cull beef cow carcasses that exhibited a large range in BCS, but were considerably greater than bone percentages typically encountered in the US fed beef population (Griffin et al., 1992) . This could be attributed to a combination of factors; cattle slaughtered in Uruguay are from a predominately British genetic base, finished on grass pastures, and proportionally high in percentage of mature cow carcasses in the slaughter population (Uruguay National Institute of Agricultural Research, 2003) . Carcasses were most variable for adjusted fat thickness (CV = 66.3), whereas HCW, LMA, and USDA yield grade were less variable (CV = 18.3, 16.9, 19 .1, and 22.8, respectively; Table 4 ).
Presented in Table 5 are R 2 and root mean square error values for regression equations in which INAC grade, USDA yield grade, CVS BeefCam, BCSys, or CVS BeefCam plus BCSys output variables were used to predict saleable meat yields. For all methods of predicting saleable meat yield except for INAC grades, the proportion of explained variation increased as the fat trim level decreased, which agreed with analyses reported by Cannell et al. (1999) . Sixteen of the 38 INAC grades contained only 1 carcass; thus, the predicted fabrication yield for those grades was equal to the actual fabrication yield and therefore the usefulness of the INAC beef classification system was likely to be overstated. Overall, predictions of saleable meat yields by INAC grades were low, even though the predicted saleable meat yields for 16 of the final INAC grades were equal to the actual saleable meat yields (Table 5) .
The USDA yield grade calculated to the nearest 0.1 accounted for substantially more variation in VCLOSE and XCLOSE saleable meat yields than did INAC grades, even though KPH percentages were standardized at 0.5% and LMA was measured at the 10th/11th rib interface (Table 5 ). The proportions of variation in saleable meat yield percentages explained by USDA yield grades calculated to the nearest 0.1 were somewhat less than has been reported previously. Steiner et al. (2003) reported that USDA yield grades applied by on-line graders accounted for 55% of the variation in subprimal yield and USDA yield grades calculated to the nearest 0.1 of a grade by expert USDA graders accounted for 71% of the variation in subprimal yield. Similar results were reported by Cannell et al. (1999) who found that USDA yield grades applied by on-line graders accounted for 37, 54, and 54%, respectively, and USDA yield grades applied by expert graders and calculated to the 0.1 of a grade accounted for 51, 74, and 74%, respectively, of the variation in COMM, CLOSE, and VCLOSE beef carcass yield percentages.
The amount of variation explained by the USDA yield grades in the present study was likely less because the mean adjusted fat thickness for the sample carcasses was much less than those reported by Cannell et al. (1999) and Steiner et al. (2003; 0.8 vs. 1.4 and 1.3 cm, respectively) . O'Mara et al. (1998) reported that carcass fat and KPH adjustment was an important predictor of the total fat percentage of mature cows. Because KPH (collectively) was removed from the carcasses in Table 3 . Number of carcass sides tested, stratified by sex, carcass weight class, fat thickness class, and Uruguay National Institute of Meat muscle conformation score 1  29  8  7  17  12  0  18  16  1  2  16  14  141  >0.6 cm  0  22  0  10  25  4  3  36  2  0  14  25  6  147  Total  1  51  8  17  42  16  3  54  18  1  16  41  20  Category total  60  75  76  77  288   1 Uruguay National Institute of Meat muscle conformation scores: heavy muscled = N; light muscled = A, C, and U. Video image analysis of Uruguayan beef this study before fabrication, and over one-third of the carcasses in this study were from cattle of greater maturity, this may also have limited the usefulness of the USDA yield grades to predict fabrication yields. Also, in this sample of beef carcasses, HCW explained essentially none of the observed variation in saleable meat yield percentages (data not presented in tabular form); Cannell et al. (1999 Cannell et al. ( , 2002 ) also reported that HCW was not correlated to beef carcass yield percentages. The USDA yield grade equation calculated to the nearest 0.1 was not very effective for predicting bone percentage or muscle to bone ratio (data not shown in tabu- 2 Calculated to the nearest 0.1 of a yield grade using a constant KPH of 0.5%. 3 Includes all saleable cuts from a carcass side trimmed to a maximum fat depth of 1 cm. 4 All yields were calculated as a percentage of the gross side weight. 5 Includes all saleable cuts from a carcass side trimmed to a maximum fat depth of 0.5 cm. 6 Includes all saleable cuts from a carcass side trimmed free of external fat (peeled or denuded). 7 Includes all saleable cuts (some cuts are separated further than in VCLOSE saleable meat yield) trimmed free of fat. This yield also includes the weight of all trimmings generated during fabrication adjusted by chemical measurements to zero percent fat.
8 Includes all waste fat from the production of VCLOSE saleable meat. 9 Includes the weight of all bone and cartilage from a carcass side.
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XCLOSE saleable meat weight divided by the weight of all bone and cartilage from a carcass side. 4 Closely trimmed saleable meat yield includes all saleable cuts from a carcass side trimmed to a maximum fat depth of 0.5 cm. 5 Very closely trimmed saleable meat yield includes all saleable cuts from a carcass side trimmed free of external fat (peeled or denuded). 6 XCLOSE saleable meat yield includes all saleable cuts (some cuts are separated further than in VCLOSE saleable meat yield) trimmed free of fat. This yield also includes the weight of all trimmings generated during fabrication adjusted by chemical measurements to zero percent fat.
7 Predicted fabrication yields for INAC grades were obtained by using the mean fabrication yield for each of the 38 INAC grades represented in the meat yield phase.
8 USDA yield grade was calculated to the nearest 0.1 of a yield grade using a constant KPH of 0.5% and the LM area measured at the 10th/11th rib interface by a CVS BeefCam. lar form). This was not unexpected because the USDA yield grade equation was developed to predict carcass yield of boneless, CLOSE subprimals (USDA, 1997).
The best equation to predict saleable meat yield percentages using CVS BeefCam output used only 1 variable, percent fat, which accounted for 41, 45, 55, and 57% of the observed variability in COMM, CLOSE, VCLOSE, and XCLOSE saleable meat yield percentages, respectively (Table 5 ). In previous research, similar VIA output variables were found to be highly related to the 9-10-11th rib composition (Cross et al., 1983) , carcass primal muscle and fat percentages (Wassenberg et al., 1986) , and beef carcass retail product yield (Shackelford et al., 1998) . Cannell et al. (1999) reported that the BCSys chilled carcass system accounted for 46, 64 and 68% of the variation in COMM, CLOSE, and VCLOSE yield percentages, respectively. The best equation using the CVS chilled carcass system measurements reported by Cannell et al. (2002) included midpoint fat (fat depth measured at one-half of the ribeye length), LMA, and HCW and accounted for 60% of the variation in carcass yield. The slightly less R 2 values in the present study for predicting saleable meat yield percentages compared with results of other studies may be due to the reduced average fat thickness of carcasses sampled in the present study, or could also be due to the amount of fat that was trimmed from carcasses before crossing the hot carcass scale.
Output variables from a Computer Vision System equipped with a BeefCam module explained a greater proportion of variation in fat trim percentage than variation in saleable meat yield percentages (Table 6) . Values for R 2 were greater for the prediction of carcass side bone percentage (Table 7) than for the prediction of muscle to bone ratio (Table 8 ; 0.51 vs. 0.33, respectively) even though models using CVS BeefCam output variables were similar.
Simple correlation coefficients between LMA with COMM, CLOSE, VCLOSE, or XCLOSE saleable meat yield percentages were 0.33, 0.35, 0.30, and 0.27, respectively, in the present study (data not presented in tabular form), whereas simple correlation values of 0.59 and 0.63 between LMA and CLOSE yield percentages were reported by Cannell et al. (1999) and Cannell et al. (2002) , respectively. The disparity between the present study and the Cannell et al. (1999 Cannell et al. ( , 2002 ) studies may be due to the breed consistency of the Uruguayan cattle or due to the inclusion of more mature animals in this study to reflect the normal slaughter consistency of a typical Uruguayan packing plant.
The best equation using BCSys output to predict saleable meat yield percentages included variables for the ratio of the length of the carcass from the hindshank to the elbow, to the length of the carcass from the hindshank to a point anterior to the foreshank, plus principal components for carcass color and for the shape of the round. Principal components for carcass color collectively accounted for the majority of the explained variation in saleable meat yields, whereas a principal component for round shape accounted for approximately 6% and the dimensional ratio accounted for approximately 3% of the explained variation in saleable meat yields. This equation resulted in R 2 values of 0.49, 0.52, 0.58, and 0.59 for COMM, CLOSE, VCLOSE, and XCLOSE saleable meat yield percentages, respectively (Table 5 ). These R 2 values were larger than those presented by Cannell et al. (1999) who found that the BCSys hot carcass system wholesale yield prediction resulted in R 2 values of 0.19, 0.32, and 0.38 for COMM, CLOSE, and VCLOSE yield percentages. Jones et al. (1995) , in a study of the effectiveness of the BCSys hot carcass system for predicting the yield of Canadian carcasses, reported R 2 values of 0.57 and 0.42 for saleable meat yield (6 mm of maximum fat thickness) and Fat trim yield = includes all waste fat from the production of VCLOSE saleable meat and was calculated as a percentage of the side gross weight.
subprimal cut yield (6 mm of maximum fat thickness), respectively.
Use of BCSys output variables to predict percentages of fat trim (Table 6 ) or bone (Table 7) , as well as the ratio of muscle to bone (Table 8) , resulted in greater R 2 values than did the use of INAC grades, USDA yield grade calculated to the nearest 0.1, or CVS BeefCam output variables. For the BCSys prediction of fat trim percentage, principal components for carcass color collectively explained over 70% of the variation, whereas principal components for round and loin shape, carcass length ratios, carcass width, and carcass size each accounted for approximately 1% of the variation (data not presented in tabular form). For the BCSys prediction of bone percentage, principal components of round shape collectively accounted for over 35% of the variation, whereas principal components for carcass color collectively accounted for over 20% of the variation, with HCW and carcass width ratios also accounting for approximately 1% of the variation (data not presented in tabular form). For the BCSys prediction of the ratio of muscle to bone, principal components of round shape collectively accounted for over 30% of the variation and principal components of carcass color, carcass width, and a ratio of carcass length each accounted for approximately 1% of the variation (data not presented in tabular form). Thus, it appeared that the BCSys was more effective at explaining differences in muscling among carcasses by measuring the shape of the round than the CVS BeefCam was by measuring the LMA.
Combining the CVS BeefCam and BCSys output variables in regression equations, as would occur in Muscle to bone ratio = all muscle generated from the carcass including fully divided saleable cuts trimmed free of fat and the weight of all trimmings generated during fabrication adjusted by chemical muscle measurements to zero percent fat. This muscle saleable meat weight was then divided by the weight of all bone and cartilage from a carcass side.
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Predicted fabrication yields for INAC grades were obtained by using the mean fabrication yield for each of the 38 INAC grades represented in the meat yield phase. 4 USDA yield grade was calculated to the nearest 0.1 of a yield grade using a constant KPH of 0.5% and the LM area measured at the 10th/11th rib interface by a CVS BeefCam. a dual-component approach, increased the amount of variation explained in saleable meat yield percentages at each cutability endpoint compared with using either instrument individually (Table 5) . These results were consistent with reports by Jones et al. (1995) and Cannell et al. (1999 Cannell et al. ( , 2002 in which it was reported that R 2 values improved to 0.64 to 0.69 for those 3 studies, by using hot and chilled carcass VIA systems to predict beef carcass yield. Coefficients of determination for predicting fat trim percentage (Table 6 ) and bone percentage (Table 7) were not increased appreciably by combining output data from the CVS BeefCam and BCSys compared with using output data from the BCSys only. The percentage of variation explained in the ratio of muscle to bone was increased by 8% when BCSys and CVS BeefCam output variables were combined over using only BCSys output variables (Table 8) .
The current INAC beef carcass classification system presents a challenge for Uruguayan packers relative to implementing a value-based pricing system because prices would need to be different among each INAC grade to send a price signal to producers. Because so few carcasses receive certain INAC grades, it is difficult for the packer to estimate what the actual fabrication yield of a carcass of a particular grade might be; thus it is difficult for them to establish prices for different grades. Purchas et al. (1999) reported that the advantage of using a carcass payment system that uses a continuous prediction of yield, instead of a step or class system, could be as great as, or greater than, improving the accuracy of yield prediction. The results from this phase of the present study indicate that the prediction of saleable meat yield percentages from Uruguayan beef carcasses by use of the BCSys or CVS BeefCam are similar to, or slightly better than, the use of USDA yield grade calculated to the nearest 0.1 and are much greater than predictions based on INAC grades. An improvement in fabrication yield prediction could be obtained by use of a dual-component VIA system. Whichever method of VIA prediction of fabrication yield is used, a single predicted value of fabrication yield for every carcass would remove an impediment to the implementation of a value-based pricing system. Additionally, a VIA method of predicting carcass yield has an advantage over the current INAC classification system in that estimates would be produced by an instrument rather than by packing plant personnel, which would appeal to cattle producers.
Tenderness Phase
Descriptive statistics for carcass traits of the sample population used in the tenderness phase are presented in Table 9 . Carcasses included in the tenderness phase were diverse in terms of maturity, marbling, fat color, and WBSF values. The majority of the carcasses sampled would have received USDA quality grades of Select, Standard, or Utility (data not presented in tabular form). Of the carcasses sampled, 17.4% were considered to be dark-cutters by visual appraisal, which was similar to the results of the Uruguayan Beef Quality Audit-2002 where it was reported that dark-cutters occur at a frequency of 18.8% (Uruguay National Institute of Agricultural Research, 2003) . Murray (1989) reported that the visual assessment of dark-cutting beef is affected by the length of time between ribbing and LM color evaluation and, also, by the number of hours postmortem at which the color evaluation is performed. In that study, the frequency of dark-cutting beef was greater for carcasses that were evaluated 15 to 18 h postmortem and within an hour of ribbing than it was for carcasses evaluated at 22 to 26 h postmortem and within an hour of ribbing (Murray, 1989) . The vast majority of carcasses evaluated in this study were visually assessed within 1 h of ribbing, and over 80% were assessed at less than 23 h postmortem. It is possible then that carcasses were classified as dark-cutters, when in fact they were not, because some carcasses may not have reached their ultimate muscle pH.
Correlation coefficients between WBSF values and CVS BeefCam output variables obtained shortly after ribbing and approximately 50 min after ribbing for all carcasses and for carcasses not considered to be darkcutters by visual appraisal are presented in Table 10 . Using all carcasses, correlation coefficients between WBSF and CVS BeefCam output variables obtained at both image collection times were similar. For images collected shortly after ribbing, exclusion of dark-cutting carcasses improved correlations between muscle L* and muscle a* with WBSF values. When dark-cutters were excluded, all muscle color output variables from images collected 50 min after ribbing were more highly correlated with WBSF values than were those collected shortly after ribbing. Vote et al. (2003) reported simple correlation values of −0.05 to −0.31, −0.13 to −0.40, and −0.12 to −0.38 between CVS BeefCam muscle L*, muscle a*, and muscle b*, respectively, and WBSF values, for the 4 experiments in their study. Wulf and Wise (1999) reported that muscle b* increases more rapidly during the first 3 min of bloom time than does muscle L* or muscle a*, suggesting that even the slightest amount of variation in the timing of color measurement shortly after ribbing can translate into a large amount of variation in muscle b* values. This most likely explains why the correlation coefficient between muscle b* and WBSF values was less for the images collected shortly after ribbing than for the images collected approximately 50 min after ribbing, and further suggests that a minimum length of bloom time should be required, before imaging, to maximize the relationship between muscle color measurements and WBSF values. Correlation coefficients between fat color measurements, marbling, and adjusted LMA (cm 2 per kg of HCW) remained comparable when dark-cutters were included vs. excluded from the data set (Table 10) . Figure 1 displays the relationship between muscle color (obtained approximately 50 min after ribbing) and WBSF values for carcasses with normal-colored Video image analysis of Uruguayan beef muscle, and with one-third grade, two-thirds grade, or full grade dark-cutter discounts (as assessed by visual appraisal). Information in this figure confirms that sorting carcasses using muscle color measurements without first identifying carcasses as dark-cutters would be ineffective if WBSF values are the sole measure of sorting effectiveness. Wulf et al. (2002) reported that cooked beef palatability was less and WBSF values were greater and more variable for steaks from dark-cutting carcasses than for steaks from carcasses with normal-colored muscle. In this study, the mean WBSF values were 4.0, 3.5, and 2.9 and WBSF value SD were 1.7, 0.8, and 1.1 for carcasses with one-third grade, two-thirds grade, and full grade dark-cutter discounts (as assessed by visual appraisal), respectively (data not presented in tabular form). Wulf et al. (1997) reported that muscle L*, muscle a*, and muscle b* were moderately correlated with LM ultimate pH values. If the product value of CVS BeefCam muscle L*, muscle a*, and muscle b* indirectly measures ultimate pH, then results of this study are in agreement with the concept that there is a region of ultimate pH that results in highly variable WBSF values (Wulf et al., 2002) , whereas carcasses with high ultimate pH values will have low WBSF values (Bouton et al., 1973; Yu and Lee, 1986) . Figure 1 also reveals that a CVS BeefCam muscle L*, muscle a*, and muscle b* product value (obtained after an approximate bloom time of 50 min) threshold could be established for use in classifying carcasses as darkcutters. ; 400 = E 00 .
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Muscle maturity was not evaluated on dark-cutting carcasses (n = 60). Presented in Table 11 are carcass characteristics and WBSF values when carcasses (excluding dark-cutters) were classified into 4 groups using INAC grades (i.e., based upon sex and dentition). Steer carcasses had larger (P < 0.05) LMA than female carcasses. Heifer carcasses had significantly brighter (indicated by muscle L*) and redder (indicated by muscle a*) LM color than young steer carcasses, which had brighter (P < 0.05) LM color than mature steer or cow carcasses (Table  11 ). Heifer carcasses also had the whitest colored fat and least muscle maturity scores of the 4 groups ( Table  11) . As expected, steaks from mature cow carcasses had the greatest (P < 0.05) WBSF values, and mature cow carcasses received the greatest (P < 0.05) skeletal and muscle maturity scores and had the most yellow (P < 0.05) colored fat of all the groups (Table 11 ). The Uruguayan National Beef Quality Audit-2002 (Uruguay National Institute of Agricultural Research, 2003) revealed that 76.1, 18.3, and 4.6% of the carcasses were steers, mature cows, and heifers, respectively.
Carcass characteristics and WBSF values when carcasses (excluding dark-cutters) were classified into 3 groups using USDA quality grades are presented in Table 12. The USDA quality grade groups differed greatly in WBSF values. Among youthful carcasses (groups 1 and 2), marbling score, muscle L*, muscle a*, muscle b*, fat L*, and fat b* were greater (P < 0.05) for group 1 than for group 2. Muscle maturity scores for carcasses in quality grade group 2 corresponded with those characteristics of B-maturity muscle and were greater (P < 0.05) than muscle maturity scores for group 1, which corresponded with those characteristics of A-maturity muscle. Carcasses in quality grade group 3 had the greatest (P < 0.05) fat b* values, skeletal and muscle maturity scores, and WBSF values.
The results of using CVS BeefCam output variables to segregate carcasses into classes are presented in Table 13 for steer and heifer carcasses (combined) and for mature cow carcasses. Adjusted LMA (cm 2 /kg of HCW) was not useful (P > 0.05) for sorting steer and heifer, or mature cow carcasses into groups that differed in WBSF values. The low muscle L* group generated the toughest (P < 0.05) steaks of the 3 groups for mature cow carcasses, and the low muscle L* group generated tougher (P < 0.05) steaks than steaks from the medium muscle L* group for steer and heifer carcasses. Wulf and Page (2000) reported that carcasses generating tougher steaks could be identified with a low muscle L* threshold. In the present study, muscle a* effectively differentiated (P < 0.05) the one-third of steaks yielding the greatest WBSF values for both mature cow carcasses and steer and heifer carcasses (Table  13) . Carcasses in the low muscle b* group for both mature cow and steer and heifer carcasses generated tougher (P < 0.05) steaks than did carcasses in the high muscle b* group. These results agree with the results of Vote et al. (2003) who reported that CVS BeefCam muscle a* or muscle b*, and with the results of Wulf and Page (2000) , in the case of muscle b*, could be used to identify a group of carcasses that would yield steaks with greater WBSF values. Mature cow carcasses in the high fat L* group yielded steaks that were more tender (P < 0.05) than those from carcasses in the low fat L* group. This was in agreement with Hodgson et al. (1992) and Hilton et al. (1998) who reported fat color to be an important predictor of palatability of steaks from mature cow carcasses and suggested that fat color be used in classifying mature carcasses with respect to palatability of their cuts. Fat L* was ineffective (P > 0.05) for segregating steer and heifer carcasses according to WBSF values of their steaks. Fat a*, fat b*, and CVS BeefCam marbling were not effective (P < 0.05) in segregating carcasses of steers and heifers or mature cows into groups that yielded steaks that differed in tenderness.
The CVS BeefCam output variable for marbling was not (P > 0.05) able to segregate steer and heifer carcasses into groups that differed in WBSF values, although carcasses in the USDA quality grade group 1 yielded steaks that had less WBSF values than did Means within a row without a common superscript letter differ (P < 0.05).
1 Carcasses considered to be dark-cutters (≥one-third USDA grade discount) by visual appraisal were excluded. Carcasses were classified according to sex and dentition. Young steers = steers with ≤4 permanent incisors; mature steers = steers with ≥6 permanent incisors; heifers = females with ≤4 permanent incisors; mature cows = females with ≥6 permanent incisors. Means within a row without a common superscript letter differ (P < 0.05).
1 Carcasses considered to be dark-cutters (≥one-third USDA grade discount) by visual appraisal were excluded. USDA quality grades were used to segregate carcasses. Group 1 includes carcasses that received Prime, Choice, or Select grades; Group 2 includes carcasses that received the Standard grade; Group 3 includes carcasses that received Commercial, Utility, or Cutter grades. ; 400 = E 00 .
carcasses in group 2. In addition, the results of segregating steer and heifer carcasses according to muscle color output variables indicate that muscle maturity, but also skeletal maturity, were useful for differentiating carcasses according to differences in WBSF values of their steaks, among USDA quality grade groups 1 and 2 (Table 12) . A beef carcass quality grading system using CVS BeefCam could be established in which steer or heifer carcasses that meet a minimum muscle a* value could be grouped together as a premium product, steer or heifer carcasses with low muscle a* values could be grouped with mature cow carcasses that meet a minimum muscle a* value as a commodity product, and mature cow carcasses with low muscle a* values could be grouped together and marketed at a discount or directed to further processing. Use of VIA to predict beef carcass fabrication yields could improve the accuracy and reduce the subjectivity in comparison with use of current INAC grades. Use of VIA to sort carcasses according to muscle color would allow for the marketing of more consistent beef products with respect to tenderness. This would help facilitate the initiation of a value-based marketing system for the Uruguayan beef industry. Means within a classification and row and without a common superscript letter differ (P < 0.05).
1 Carcasses considered to be dark-cutters (≥one-third USDA grade discount) by visual appraisal were excluded. Low = the lowest one-third of carcasses for each CVS BeefCam output variable; medium = the middle one-third of carcasses for each CVS BeefCam output variable; high = the highest one-third of carcasses for each CVS BeefCam output variable. 
